We carried out photometric and low-resolution spectral observations of six eclipsing ultrashort-period binaries with MS components. The light curve solutions of the Rozhen observations show that all targets are overcontact systems. We found welldefined empirical relation "period -semi-major axis" for the short-period binaries and used it for estimation of the global parameters of the targets. Our results revealed that NSVS 925605 is quite interesting target: (a) it is one of a few contact binaries with M components; (b) it exhibits high activity (emission in Hα line, X-ray emission, large cool spots, non-Planck energy distribution); (c) its components differ in temperature by 700 K. All appearances of high magnetic activity and huge fillout factor (0.7) of NSVS 925605 might be assumed as a precursor of the predicted merging of close magnetic binaries. Another unusual binary is NSVS 2700153 which reveals considerable long-term variability.
INTRODUCTION
The short-period binaries with non-degenerate components are important objects for the astrophysics, especially for the understanding of the very late evolutional stages of the binaries connected with the processes of mass and angular momentum loss, merging or fusion of the stars, etc. But their structure and evolution remains unsolved problem in stellar astrophysics due to poor statistics. There are two reasons for this insufficiency.
Firstly, the period distribution of binaries reveals a very sharp decline in the number of short period systems below 0.27 days (Drake et al. 2014) . Systems with periods around the short-period limit of 0.22 day (Rucinski 1992) were extremely rare: the fraction of ultrashort period objects was estimated to only 0.26 % of the total number of the large number of contact systems (Drake et al. 2014) . Secondly, the faintness of the late short binaries makes them difficult targets for detailed study. As a result, although M-dwarfs form the most common stellar population in our Galaxy (∼ 70 % by number, Henry et al. 1999) , their intrinsic faintness is barrier to study their binary characteristics.
Lately, a hypothesis appeared that the very short period low-mass binaries could merge via "magnetic braking" and if a substantial amount of mass remains in orbit around the E-mail: dinko@astro.bas.bg; d.kyurkchieva@shu-bg.net primary, it would form a disk in which planets could be produced, particularly hot Jupiters (Martin et al. 2011) .
Fortunately, the modern large stellar surveys during the last decade allowed to discover binaries with shorter and shorter periods (Rucinski 2007; Pribulla et al. 2009; Weldrake et al. 2004; Maceroni & Rucinski 1997; Dimitrov & Kjurkchieva 2010; Norton et al. 2011; Nefs et al. 2012; Davenport et al. 2013; Lohr et al. 2014; Qian et al. 2014; Drake et al. 2014, etc.) . This paper presents our observations and light curve solutions of six ultrashort-period binaries (whose periods are below 0.23 d).
SELECTION OF TARGETS
Using own approach (Dimitrov 2009 ) for searching for stellar variability we reviewed the NSVS database (Woźniak et al. 2004 ) and found around 300 ultrashort-period candidates with W UMa-type light curves. More than 100 of them were removed as probable δ Sct stars due to their small infrared colors (temperatures T > 6000 K). We carried out short test observations of the rest candidates and established that most of them were not variable stars. In such a way we managed to separate sample of about forty ultrashort-period candidates from the NSVS survey appropriate for follow-up observations at Rozhen observatory (δ > −10
• ). of one of them (BX Tri) was already published (Dimitrov & Kjurkchieva 2010) . Table 1 reveals the coordinates and magnitudes of six other targets from this sample: four of them are newly discovered eclipsing stars while two of them are identified with objects from the lists of ultrashort-period binaries of Norton et al. (2011) and Lohr et al. (2014) based on the SuperWASP photometric survey (Pollacco et al. 2006) .
Besides photometric data for all six targets in the NSVS database we found also data of four of them in the Super-WASP archive (Butters et al. 2010 ). The periodogram analysis of these low-precise but numerous data allowed us to determine their ephemeris (Table 1 ). Figure A1 presents the folded curves of the targets corresponding to their old photometric data.
ROZHEN OBSERVATIONS AND DATA REDUCTION
The follow-up CCD photometry of the targets in V RI bands was carried out with the three telescopes of Rozhen National Astronomical Observatory ( (2000) were used for transition from instrumental system to standard photometric system. The standard IDL procedures (adapted from DAOPHOT) were used for reduction of the photometric data. More than 5 standard stars were chosen in the observed fields of each target by the requirement to be constant within 0.015 mag during the all observational runs and in all filters. Table A1 presents their V , B − V , V − R, and V − I determined by our observations (for the targets they correspond to phase 0.25) as well as their J − K colors from the 2MASS catalog.
Figures 1-6 present the follow-up Rozhen photometry of our targets. Table A2 presents a sample of the Rozhen photometric data (the full table is available in the online version of the article, see Supporting Information).
We calculated times of the observed light minima by the method described in Pribulla et al. (2012) . Table A3 contains their HJD(Min), Epoch, and O − C.
We obtained low-resolution spectra (Fig. 7) during 5 nights in Feb-May 2011 by the 2-m RCC telescope equipped with focal reducer FoReRo-2. We used grism with 300 lines/mm that allows resolution 5.223Å/pixel in the range 5000-7000Å. These low-resolution spectra do not allow radial velocity measurement but are useful indicators of the temperature and stellar activity.
LIGHT CURVE SOLUTIONS
The photometric data (Figs. 1-6) implied that our targets are contact or overcontact systems that was expected for their ultra-short orbital periods.
We carried out modeling of the Rozhen photometric data by the code PHOEBE (Prśa & Zwitter 2005) using the following procedure. We determined in advance the mean temperatures Tm of the binaries (Table 3) by their infrared color indices (J − K) from the 2MASS catalog and the calibration colortemperature of Tokunaga (2000) . The "spectral" temperatures of the targets obtained by comparison of their lowresolution spectra ( Fig. 7) with those of standard stars with known temperatures, were almost the same as those of the values of Tm in Table 3 .
Firstly we assumed T 0 1 = Tm and searched for solutions for fixed T 0 1 and q 0 = 1 varying the ephemeris, secondary temperature T2, orbital inclination i and potentials Ω1,2.
We adopted coefficients of gravity brightening 0.32 and reflection 0.5 appropriate for late stars. The linear limbdarkening coefficients were interpolated from the values of Van Hamme (1993). In order to reproduce the O'Connell effect we added cool spots on the components and varied their parameters: longitude β, latitude λ, angular size α and tem- perature factor k = Tsp/T1. To obtain a good fit in all colors a third light was necessary for some targets.
As a result of the first stage of the light curve solution we obtained initial values T we reach to the absolute minimum with χ 2 min (abs) ∼ 1 corresponding to the final values (i f , q f ). The diagrams (i, log q) exhibit that the solution ambiguity rapidly increases with the decreasing of the orbital inclination (Fig. 8) . Maceroni et al (1985) has reached to the same result by other procedure.
Further we searched for the best fit for fixed i f , q f , ephemerides and spot parameters, varying T2, Ω1,2 and third light l3(V, R, I). Finally, we calculated T1 and T2. 
where c = l2/l1 and ∆T (difference of temperatures of the components) are determined from the PHOEBE solution. Table 4 contains the final values of all determined parameters: period P ; initial epoch HJD0; orbital inclination i; temperatures of the components T1,2; potentials of the components Ω1,2; fill-out factor F F ; spot parameters; third light contribution in the different colors l3(V, R, I). The er- rors of the parameters in Table 4 are the formal PHOEBE values. The synthetic light curves corresponding to the parameters from Table 4 are shown in Figs. 1-6 as continuous lines.
The parameter mass ratio deserves a special attention. Although its determination through analysis of the lightcurve is an ambiguous approach compared with that by radial velocity solution, the rapid rotation of the components of the ultrashort-period binaries is serious obstacle to obtain precise spectral mass ratio from measurement of their highly broadened and blended spectral lines (Bilir et al. 2005; Dall & Schmidtobreick 2005) . Contrariwise, tests have revealed that photometric mass ratios are more reliable than spectroscopic ones for totally eclipsing W UMatype stars and are sufficiently reliable for partially eclipsing systems (Maceroni & van't Veer 1996) because their eclipse depths depend strongly on the geometrical parameters and the mass ratio q. Hence, the obtained photometric q values of our targets may be considered with a confidence.
ANALYSIS OF THE RESULTS
The analysis of the light curve solutions led us to several conclusions.
(a) All targets are overcontact (OC) binaries. The fill-out factor of NSVS 925605 is huge (Fig. 9) .
(b) The mass ratios of four targets are within the narrow range 0.68-0.8 while NSVS 7179685 and NSVS 4761821 have components which masses differ around 2 times. Just they are with total eclipses and thus with most precise photometric mass ratio. (c) The differences between the temperatures of the components of the targets are up to 220 K, that is expected for overcontact systems. The only exception is NSVS 925605 which cool components differ by nearly 700 K (although the big fill-out factor).
(d) NSVS 7179685 is the only target which more massive star is the cooler component. We do not know overcontact binary with orbital period below 0.21 d with such a property.
(e) NSVS 925605 is rare case of overcontact ultrashort period binary consisting of M dwarfs.
(f) NSVS 2700153 revealed considerable long-term variability during our observations (Fig. 4) : the secondary minimum was shallower than the primary one in June 2010, but they became almost equal in depth in Jan 2011. Parameters in Table 4 correspond to the light curve solution from Jan 2011.
(g) NSVS 925605 shows high activity: emission in Hα line (Fig. 7) from its chromosphere; X-ray emission from the corona (it is the only X-ray source among our six targets identified as 1RXS J140139.8+771643); large cool photospheric spot. The considerable contribution of third light, especially in I color (Table 4) , cannot be explained by blurring because there is not nearby star within 1 arcsec from this target. The reason could be non-Planck distribution of its energy. All appearances of high magnetic activity and huge fillout factor of NSVS 925605 might be interpreted in the light of the hypothesis of Martin et al. (2011) as a precursor of the merging of close magnetic binaries.
GLOBAL PARAMETERS OF THE TARGETS
Due to lack of RV-curve solutions we had to use empirical relations for determination of the global characteristics of our targets. For this aim we built a diagram period-semimajor axis (P, a) on the base of 14 binaries with P < 0.27 d which have radial velocity solution and modern light curve solution (Table 5) . Their distribution was approximated by parabola a = −1.154 + 14.633 × P − 10.319 × P 
where a is in solar radii and P in days. The standard deviation of the fit is 0.05 R and we assume this value as a mean error of a for our targets with periods around 0.22 days. Such a relation is expected for contact and overcontact binaries of MS late stars for which R1 +R2 ≈ a and R ∼ M k where k ≈ 1. Then the third Kepler law leads to a ∼ P that is similar to the almost linear dependence (3) for periods of about 0.22 d (Fig. 10) .
The (P, a) relation (3) corresponds to the following relation "period-mass" for short-period binaries (4) where M is the total mass of the binary. It is important to know is there a lower limit of the period-axis relation (3). Very recently Drake et al. (2014) modeled binaries with extremely short periods by configurations consisting of white dwarf and dM star. They are stable non-accreting WD+MS systems which differ from the accretion induced variability in CV variables. We added these five systems (Table 5 ) on our diagram (P, a). It is interesting that their semiaxes, and respective masses, are almost the same (within the errors) while the orbital periods are quite different. The WD+dM models (blue asterisk) of four of these binaries fall away from the line approximating the relation (P, a) of binaries with MS components (red line). It is visible that the dependence of the semiaxis of these extremely short-period binaries on the period (blue continuous line) is considerably weaker. One of them, CSS J001242.4+130809, has 2 models: WD+dM and dM+dM (Table 5 ). Its dM+dM model as well as the longestperiod target, CSS J090119.2+114254, fall just on the line period-axis of our MS binaries (Fig. 10) . This may imply that such configurations are more appropriate for these two targets. The low-resolution spectroscopy of the extremely short-period binaries (Drake et al. 2014 ) revealed the presence of Balmer emission and Ca H+K emission typical for late dwarfs and strong local magnetic fields.
We used the empirical relation (3) to obtain the semimajor axes a of our targets and further the masses M1,2, radii R1,2, and luminosities L1,2 of their components in solar units; bolometric and visual absolute magnitudes M bol and MV of the targets; distance d in parsecs and orbital angular momenta J orb (by the expression of Popper & Ulrich 1977) . Table 6 contains the values of the obtained global parameters.
The orbital angular momenta of the targets (Table 6 ) are considerably smaller than those of the RS CVn binaries and detached systems which have log J orb ≥ +0.08. They are smaller also than those of the ordinary contact systems which have log J orb ≥ −0.5. The obtained J orb values are bigger only than those of the shortest-period CVs of SU UMa type.
CONCLUSIONS
We found well-defined empirical relation "period -semimajor axis" for the short-period binaries and used it for estimation of the global parameters of six ultrashort-period targets.
One of them, NSVS 925605, with huge fill-out factor and another peculiar characteristics (consisting of M components with high activity and non-Planck energy distribution) probably is at stage of merging.
Our results revealed that all six ultrashort-period tar- Table 5 . Semi-major axes of short-period binaries from spectral studies gets with periods 0.20-0.23 days are overcontact systems. At the same time the short-period binaries BX Tri and BW3 V38 with periods below 0.20 have detached configurations. Nefs et al. (2012) spectroscopically confirmed another detached system with a 0.18 day period containing an Mdwarf. It is worth to study which parameters determine the stellar configuration (detached, contact or overcontact) of the ultrashort-period binaries. Table 6 are marked by red diamonds while those of our targets are marked by black pluses. The red line exhibits the empirical relation described by equation (3). The blue line presents empirical relation for WD+dM binaries, marked with blue asterisk. Color version of this figure is available in the online journal. 
